A Space-Time Block Code (STBC) CST is a finite collection of ntt x 1 complex matrices. If S is a complex signal set, then CST is said to be completely over S if all the entries of each of the codeword matrices are restricted to S. The transmit diversity gain of such a code is equal to the minimum of the ranks of the difference matrices (X -x'), for any X # X' E CST, and the rate is R = 'Og'sl/csT' complex symbols per channel use, where ICSTI denotes the cardinality of CST. For a STBC completely over S achieving transmit diversity gain equd to d, the rate is upper-bounded as R 5 nt -d + 1. An STBC which achieves equality in this tradeoff is said to be optimal. A Rank-Distance (RI)) code CFF is a h e a r code over a finite field F,, where each codeword is a nt x E matrix over F,. RD codes have found applications as STBCs by using suitable rank-preserving maps from F, to S. In this paper, we generalize these rank-preserving maps, leading to generalized constructions of STBCs fiom codes over Galois ring GR(p*,k). To be precise, for any given value of d, we construct nt x 1 matrices over GR(pG, k) and use a rank-preserving map that yields optimal STBCs with transmit diversity gain equal to d. Galois ring includes the finite field Fp'i when a = 1 and the integer ring 2 , . when k = 1. Our construction includes as a special case, the earlier construction by Lusina et. al. which is applicable only for FtD codes over F, ( p = 4s + 1) and transmit diversity gain d = nt.
unit variance. The collection of all possible transmit codewords Xnrxl forms a Space-Time Black Code (STBC) CST.
From the pair-wise error probability point of view, it is well-known that the performance of a space-time code at high SNR is dependent on two parameters: transmit diversity gain and coding gain. The transmit diversity gain of CST is the minimum of the ranks of the difference matrices the rank of CST. A nt x 1 STBC is said to be of full-rank if it achieves the maximum transmit diversity nt (assuming Let S denote a complex signal set (constellation). The STBC CST is said to be completely over S if all the entries of each of the codeword matrices are restricted to S [l] . For instance, the Alaniouti code {2] is completely over S if S is chosen as the symmetric 6-PSK signal set. However, if S is the symmetric 3-PSK signal set then this code is no longer completely over S.
Following the convention in 13, 41, we define the rate of a n, x I STBC completely over a signal set S as (Xnt xl -Xkl x l ) , for any X , , I A space-time code which achieves equality in the above tradeoff is said to be optamal. STBCs with optimal rate-diversity tradeoff are constructed using codes over arbitrary Galois rings, which generalizes the map in [lo] .
Galois ring GR(pa,f) has been used €or constsucting conventional error-correcting codes and in this context, structure of linear codes over Galois ring and Singleton bound for such codes is very well understood 112, 131. In this paper, we exploit this structure to show that the rank of STBC constructed from this code over GR(p",f) is never less than the rank of a unique RD code over F,j . This is the first work which uses codes over arbitrary Galois rings for constructing STBCs, apart from {4], where only GR(2',,) is used for constructing STBCs completely over the QPSK signal set.
STBC FROM CODE OVER GALOIS RING
Let K be a number field (a finite degree extension field of the field of rational fractions 0) and & denote the ring of integers in K, which is the set of all dements in TK which are roots of some polynomial over Z. Let ! $ be a prime &a1 in %E containing a unique integes prime number p E Z. It is well-known that the factor group Z K /~ is isomorphic to a finite field with characteristic p. Let the size of this finite field be p f ( 9 l P ) . We call f(v/p) as the inertial degree of over p.
Our main principle for constructing ogtimal STBCs hinges on the isomorphic map from the Galois ring GRW, f[plp)) to Z&F, given by the following theorem. We call these operations as "modulo pa'' addition and multiplication on S. Thus, the set S is a Galois ring with respect to "modulo ya" addition and multiplication.
We use the set S as a signal set for constructing STBC from CCR. Let 4 denote the isomorphism from GR(pa, f) to &/'pa and 4-l denote the inverse map. The isomorphism 4-l restricted to the set S, is a one-one map from S to GR(pa, f). The space-time code C s over S is then obtained
where 4(C) is as given in (4). 
6.8
A linear code of length nt WET A = GR(pa, f 1 ) is an Asubmodule in Ant, and any such linear code has a generator matrix that is permutation equivalent to a matrix in the standard from [12, 131 . . . --
Structure of codes over Galois rings
The code C is said to be C = [CO, Cl,. ... C,,,-l] f A"* g oing . to   [CO, Cl,. ... C,,-1IT E B" In Figure 4 , we compare the performance of this code with the full-rank optimal STBCs obtained by the GU constmctzon for nt = I = 2 and n, = 1. We consider two diferent codes that QX constructible using GU construction: one corresponding to the parameters p = 3, K = 2,U = 1 uses the 9-PSK constellation and the other corresponding to the pam m e t e r s p = 3,K = l , U = 2 , q = 3 and n = l. AlZ three codes consist of g2 = 81 codewords. while the slope of the codeword e m r probability is the same foor all codes, our code has better coding gain.
In Figure 5 , we compare the performance of STBC over the signal set in Figure 2 (b) (constructed from Galois ring 2/s22) and the corresponding GU constructed code with same rate and diversity for nt = 1 = d = 2 and n, = 1.
Clearly, our code with better coding gain outperforms the GU constructed cods.
